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Figure 2.4 Day 16 relative abundances of the three main divisions for the nutrient 
addition treatments (]9;F^., 12:1 N:P) which gave the highest total biomass.  
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Figure 2.4 Day 16 relative abundances of the three main divisions for the nutrient 
addition treatments ("#$%&', 12:1 N:P) which gave the highest total biomass.  
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>,M>-3*!3)+=2:-!?F!$=!PLb!=$+!*>-!)??-+!Qb!#E!0-:+-23,.M!*$!YL\!2*!HII!#L!1>,3!+2.M-!
$=!?F!82%)-3!,3!:$.3,0-+-0!*@?,:2%!=$+!=+-3>J2*-+!*+$?,:2%!%2K-3!4<$%-E!HOP\6L!!
!
)5)5M(E&.."-(3&$%"0(
C-::>,!0-?*>3!=$+!*>-!%2K-3!J-+-!QH!#!=$+!52*2.$E!HH!#!=$+!52>2%$.2E!QS!#!=$+!
1$J)*,E!2.0!OLb!#!=$+!B$3$L!1>,3!,.0,:2*-3!-)?>$*,:!X$.-3!$=!cQE!QQE!bQE!2.0!HO!#!=$+!
-2:>!%2K-E!+-3?-:*,8-%@L!1>-!+2*,$!$=!*>-!-)?>$*,:!0-?*>E!_-)!4*J,:-!*>-!C-::>,!0-?*>6E!
*$!*>-!#,Z,.M!0-?*>E!_#!4-?,%,#.,$.6E!:2.!9-!2.!,#?$+*2.*!:$.*+$%%,.M!=2:*$+!=$+!%2K-!
?+$0):*,8,*@!412%%,.ME!HOYH6L!/3!3$%2+!+20,2*,$.!?233-3!0$J.J2+0!=+$#!*>-!3)+=2:-!$=!
2!%2K-E!J,.0!#,Z,.M!$=!*>-!)??-+!%2@-+3!$=!J2*-+!0,3*+,9)*-3!0$J.J2+0!*>-!>-2*!*>2*!
,3!293$+9-0!,.!*>-!3)+=2:-!3*+2*2E!3):>!*>2*!0-.3-!:$%0-+!J2*-+!%,-3!9-.-2*>!%,M>*-+!
J2+#!%2@-+3L!1>-3-!+-M,$.3!2+-!,0-.*,=,-0!,.!*>-!*-#?-+2*)+-!?+$=,%-3!$=!*>-!%2K-3!
4R,M)+-!\LQ6L!1>-!-?,%,#.,$.3!2+-!2??+$Z,#2*-%@!HII!#E!QI!#E!cI!#E!2.0!QI!#!=$+!
52*2.$E!52>2%$.2E!1$J)*,E!2.0!B$3$E!+-3?-:*,8-%@L!!_-)!`!_#!,3!cQ;!=$+!52*2.$E!Ob;!
=$+!52>2%$.2E!YY;!=$+!1$J)*,E!2.0!Ob;!=$+!B$3$L!F,M>-+!+2*,$3E!*>2*!,3E!#$+-!%,M>*!
+-%2*,8-!*$!*>-!8$%)#-!$=!J2*-+!4,.:+-23-0!J,*>!2!M+-2*-+!#,Z,.M!0-?*>6E!:2.!3)??$+*!
#$+-!?>$*$3@.*>-*,:!2:*,8,*@!412%%,.ME!HOYHT!<$%-E!HOP\6L!!
!
)5)5N(I4%'-&2%(#@#-,#O-,-%1(
()*+,-.*!02*2!=$+!*>-!%2K-3!4129%-!\L\6!,.0,:2*-0!9$*>!.,*+$M-.!2.0!?>$3?>$+)3!J-+-!
%$J!,.!2%%!=$)+!%2K-3L!!R$+!*>-!)??-+!HII!#!$=!'2K-!52*2.$E!.,*+$M-.!23!(F\!+2.M-0!
=+$#!ILQO!l!ILHQ!*$!ILYH!l!IL\b!"#$%&'E!2.0!23!(D\&(DQ!=+$#!ILIc!l!ILIQ!*$!ILPH!l!
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ILSS!"#$%&'L!B>$3?>$+)3!23!C7B!+2.M-0!=+$#!ILH\!l!ILI\!*$!ILcP!l!ILcQ!"#$%&'!2.0!
23!1B!=+$#!ILH\!l!ILI\!*$!IL\Q!l!ILHS!"#$%&'L!R$+!'2K-!52>2%$.2E!.,*+$M-.!23!(F\!
J23!:$.3,3*-.*%@!ILHP!"#$%&'E!2.0!23!(D\&(DQ!+2.M-0!=+$#!ILHP!*$!bLQO!"#$%&'L!
B>$3?>$+)3!23!C7B!J23!ILIS!"#$%&'E!2.0!23!1B!+2.M-0!=+$#!ILHS!*$!ILHO!"#$%&'L!
R$+!*>-!)??-+!HII!#!$=!'2K-!1$J)*,E!.,*+$M-.!23!(F\!+2.M-0!=+$#!ILHP!*$!HLSb!
"#$%&'E!2.0!23!(D\&(DQ!+2.M-0!=+$#!ILIS!*$!ILPb!"#$%&'L!1$J)*,f3!:$.:-.*+2*,$.!$=!
?>$3?>$+)3!23!C7B!+2.M-0!=+$#!ILH\!*$!ILHI!"#$%&'!2.0!23!1B!+2.M-0!=+$#!ILHS!*$!
ILHO!"#$%&'L!R$+!*>-!)??-+!HII!#!$=!'2K-!B$3$E!*>-+-!,3!:)++-.*%@!.$!.,*+$M-.!02*2L!
B$3$f3!?>$3?>$+)3!:$.:-.*+2*,$.!23!1B!+2.M-0!=+$#!ILHO!*$!ILPY!"#$%&'L!G3,.M!?2,+A
J,3-!:$#?2+,3$.3E!*>-+-!J23!2!3,M.,=,:2.*!0,==-+-.:-!,.!(F\!9-*J--.!52*2.$!2.0!
52>2%$.2!4?!n!ILIHbE!52..A]>,*.-@!G!1-3*!C*2*,3*,:!4X6!n!QHLI6L!1>-+-!J23!2!*+-.0!$=!
,.:+-23,.M!(F\!J,*>!0-?*>!4IAcII!#6!=$+!'2K-!52*2.$E!,.:+-23,.M!=+$#!ILQO!l!ILHQ!
"#$%&'!2*!I!#!*$!SOLSb!l!QYLSc!"#$%&'!2*!cII!#L!(D\&(DQ!2.0!C7B!J-+-!.$*!
3,M.,=,:2.*%@!0,==-+-.*!2#$.M!*>-!%2K-3!4?!n!IL\E!X!n!\LI6L!1B!:$.:-.*+2*,$.3!J-+-!*>-!
32#-!,.!52>2%$.2!2.0!1$J)*,E!2.0!.$*!3,M.,=,:2.*%@!0,==-+-.*!=+$#!52*2.$!$+!B$3$!
4?!n!IL\E!X!n!HSLQ6L!B!:$.:-.*+2*,$.3!J-+-!2%3$!#-23)+-0!,.!*>-!V<BA5C!2.2%@3,3!2.0!
2+-!?+-3-.*-0!,.!3-:*,$.!\L\LP!9-%$JL!
!
)5)5P(+#Q8'(R#%&'(.8,4/2(."&/-0%'1(
1>-!02*2!3-*3!:$%%-:*-0!,.!*>,3!2.2%@3,3!2+-!3)##2+,X-0!,.!129%-!\LcL!<2.$.,:2%!
/.2%@3,3!$=!B+,.:,?2%!<$$+0,.2*-3!4B<D6!923-0!$.!V<BA5C!-%-#-.*2%!:$.:-.*+2*,$.3!
=+$#!0-?*>!32#?%,.M!$=!*>-!=$)+!%2K-3!,3!,%%)3*+2*-0!,.!R,M)+-!\LYL!],*>!-++$+!92+3!
:2%:)%2*-0!2*!2!Ob;!:$.=,0-.:-!,.*-+82%E!*>-+-!,3!$8-+%2?!9-*J--.!52*2.$!2.0!
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52>2%$.2E!#-2.,.M!*>-3-!%2K-3!2+-!.$*!3,M.,=,:2.*%@!0,==-+-.*!J,*>!+-3?-:*!*$!*>-!
-%-#-.*3!2.2%@X-0E!2.0!:$.3,0-+,.M!*>-!3*+$.M!208-:*,8-!=%$J!=+$#!52*2.$!*$!
52>2%$.2E!*>,3!3,#,%2+,*@!,.!J2*-+!:>-#,3*+@!J$)%0!9-!?+-0,:*-0L!1$J)*,!2.0!B$3$!
2+-!3,M.,=,:2.*%@!0,==-+-.*!=+$#!$.-!2.$*>-+E!2.0!=+$#!52*2.$&52>2%$.2L!!B<D!H!4ZA
2Z,36!2::$).*-0!=$+!YY;!$=!*>-!82+,2.:-!,.!*>-!02*23-*L!V*!J23!.-M2*,8-%@!:$++-%2*-0!
J,*>![!2.0!5$E!2.0!?$3,*,8-%@!:$++-%2*-0!J,*>!<+L!B<D!Q!4@A2Z,36!2::$).*-0!=$+!HY;!
$=!*>-!82+,2.:-!,.!*>-!02*23-*!2.0!J23!.-M2*,8-%@!233$:,2*-0!J,*>!(2!2.0!BE!
!
/%%!-%-#-.*3!2.2%@X-0!8,2!V<BA5C!=$+!*>-!=$)+!%2K-3!J-+-!*-3*-0!=$+!3,M.,=,:2.*!4?!h!
ILIb6!+-%2*,$.3>,?3!9-*J--.!:$.:-.*+2*,$.3!,.!*>-!)??-+!J2*-+3!4HII!#!=$+!5/1E!
1D]E!BDCD!2.0!\I!#!=$+!5/F6!)3,.M![+)3K2%A]2%%,3!D.-AJ2@!/.2%@3,3!$=!W2+,2.:-!
4C@3*2*!HQ!=$+!],.0$J36L!R$+!-%-#-.*3!J,*>!3,M.,=,:2.*!0,==-+-.:-3E!?2,+J,3-!
:$#?2+,3$.3!J-+-!?-+=$+#-0!)3,.M!*>-!52..A]>,*.-@!GA*-3*L!1>-!3,M.,=,:2.*!
?2,+J,3-!:$#?2+,3$.3E!23!J-%%!23!*>-!#-2.!:$.:-.*+2*,$.3!=$+!-2:>!%2K-!2+-!%,3*-0!,.!
129%-!\LbL!1>-!-%-#-.*3!J,*>!3,M.,=,:2.*%@!0,==-+-.*!:$.:-.*+2*,$.3!9-*J--.!%2K-3!
J-+-!(2E!BE![E!<+E!R-E!_.E!(,E!2.0!5$L!!
!
(2!:$.:-.*+2*,$.3!=$+!*>-!=$)+!%2K-3!+2.M-0!=+$#!QLY!Z!HIH!l!PLS!Z!HIAH!"#$%&'!=$+!
1$J)*,!2.0!bL\!Z!HIH!l!bLQ!"#$%&'!=$+!52*2.$L!1>-!=$)+!%2K-3!2+-!,.!2!8-+@!3,#,%2+!
+2.M-E!2.0!:$.3,0-+,.M!*>2*!3$#-!?>@*$?%2.K*$.!+-U),+-!(2!2*!QbS!"#$%&'!4F-2%-@E!
HOY\6E!,*!,3!?$33,9%-!*>2*!*>,3!.)*+,-.*!,3!%,#,*,.M!,.!2%%!=$)+!%2K-3L!!
!
1>-!:$.:-.*+2*,$.!$=!B!,.!'2K-!B$3$!4SL\!Z!HIAQ!l!PLY!Z!HIA\!"#$%&'6!J23!*J$!$+0-+3!
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%$J-+!*>2.!,.!'2K-!52*2.$!4\LP!l!PLP!Z!HIAH!"#$%&'6T!<>2?*-+!Q!3>$J-0!*>2*!*>-!
?>@*$?%2.K*$.!,.!52*2.$!2+-!.$*!%,#,*-0!9@!BE!2.0!*>,3!=)+*>-+!3)??$+*3!*>2*!
:$.:%)3,$.E!23!B$3$!3)??$+*3!2!>,M>-+!?>@*$?%2.K*$.!9,$#233!*>2.!52*2.$L!!
!
[!:$.:-.*+2*,$.3!J-+-!3*2*,3*,:2%%@!3,M.,=,:2.*!9-*J--.!*>-!%2K-3L!B$3$f3!
:$.:-.*+2*,$.!4HLc!Z!HIH!l!HLI!Z!HIAH!"#$%&'6!J23!$.-!$+0-+!>,M>-+!*>2.!,.!*>-!52%,%,!
%2K-3!4\LP!l!HLY!Z!HIAH!"#$%&'!=$+!52*2.$E!\LY!l!SLS!Z!HIAQ!"#$%&'!=$+!52>2%$.2E!QLO!l!
cLQ!Z!HIAQ!"#$%&'!=$+!1$J)*,6E!2.0!3*,%%!$.-!$+0-+!%$J-+!*>2.!*>2*!+-U),+-0!9@!3$#-!
?>@*$?%2.K*$.!4ccQLb!"#$%&'T!F-2%-@E!HOY\6L!V*!,3!?$33,9%-!*>2*!*>,3!#2:+$.)*+,-.*!,3!
%,#,*,.M!,.!2%%!=$)+!%2K-3L!!
!
1>-!:>-#,:2%!3?-:,2*,$.!$=!<+!:2..$*!9-!23:-+*2,.-0!=+$#!V<BA5C!2.2%@3,3E!9)*!
>-Z282%-.*!<+!4VW6!,3!*>-!0$#,.2.*!=$+#!,.!.2*)+2%!J2*-+3!4<+2.3*$.!2.0!5)++2@E!
HOYPT!7,-0-%E!HOPc6!2.0!,*!,3!*>-!3$%)9%-!32%*3!$=!<+!4VW6!*>2*!:2.!,.0):-!2!*$Z,:!
+-3?$.3-!4B2J%,3X!-*!2%LE!HOOY6L!F,M>!:$.:-.*+2*,$.3!$=!<+!2+-!*$Z,:E!2.0!+-0):*,$.3!,.!
2%M2%!M+$J*>!:2.!$::)+!,=!:$.:-.*+2*,$.3!-Z:--0!HLQ!Z!HIAH!"#$%&'T!J2*-+!M),0-%,.-3!
+2.M-!=+$#!HLO!Z!HIAQ!*$!\LQ!"#$%&'!4B2J%,3X!-*!2%LE!HOOY6L!1>-!+2.M-3!#-23)+-0!,.!
*>-3-!%2K-3!4HLI!Z!HIAH!l!HLH!Z!HIAQ!"#$%&'!=$+!52*2.$E!HLI!Z!HIAH!l!cL\!Z!HIA\!"#$%&'!
=$+!52>2%$.2E!PLO!Z!HIAQ!l!bLY!Z!HIA\!"#$%&'!=$+!1$J)*,E!QL\!Z!HIAQ!l!QL\!Z!HIA\!"#$%&'!
=$+!B$3$6!#2@!?$3-!*$Z,:!3*+-33!$.!*>-!?>@*$?%2.K*$.L!!
!
1>-!+2.M-!$=!R-!:$.:-.*+2*,$.3!,.!*>-!52%,%,!%2K-3!4HL\!Z!HIAH!l!HLb!Z!HIA\!"#$%&'!=$+!
1$J)*,!*$!cLO!Z!HIAH!l!HLP!Z!HIAQ!"#$%&'!=$+!52*2.$6E!J>-.!:$#?2+-0!*$!
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:$.:-.*+2*,$.3!+-U),+-0!9@!2%M2-!4HIbLY!"#$%&'T!F-2%-@E!HOY\6E!2??-2+!%,#,*,.ML!
F$J-8-+E!*>-!M-$%$M,:2%!3-**,.M!$=!*>-3-!%2K-3E!*>2*!,3E!*>-!J-%%AJ-2*>-+-0!%2*-+,*,:!
3$,%3!*>2*!3)++$).03!*>-#!,.?)*3!%2+M-!U)2.*,*,-3!$=!R-!,.*$!*>,3!3@3*-#!4-LML!QLc!Z!HIH!
"#$%&'!2*!QII!#!,.!'2K-!52*2.$6L!R-!,3!.$*!3*2*,3*,:2%%@!0,==-+-.*!9-*J--.!*>-!52%,%,!
%2K-3!2.0!'2K-!B$3$!4-LML!?!n!ILIYY!=$+!?2,+J,3-!:$#?2+,3$.!$=!B$3$!2.0!1$J)*,6E!
2.0!2#$.M!*>-!52%,%,!%2K-3!*>,3!0,==-+-.:-!,3!.$*!9,$%$M,:2%%@!3,M.,=,:2.*L!R-!,3!
29).02.*!,.!*>,3!3@3*-#!2.0!,3!.$*!2!%,#,*,.M!.)*+,-.*L!!!
!
(,!,3!.$*!+-U),+-0!9@!?>@*$?%2.K*$.!2.0!*>-!:$.:-.*+2*,$.3!,.!*>-3-!%2K-3!2+-!%$J!
4cLQ!Z!HIAQ!l!OLb!Z!HIAc!"#$%&'!=$+!1$J)*,!*$!cL\!Z!HIAQ!l!SLO!Z!HIA\!"#$%&'!=$+!
52*2.$6!2.0!.$*!9,$%$M,:2%%@!+-3*+,:*,8-L!!
!
1>-!:$.:-.*+2*,$.!$=!_.!J23!3*2*,3*,:2%%@!0,==-+-.*!4?!n!ILIIHE!ILIIb6!9-*J--.!
52*2.$!4HLH!Z!HIAH!l!QLc!Z!HIAQ!"#$%&'6!2.0!52>2%$.2!4QLP!Z!HIAQ!l!HLY!Z!HIA\!
"#$%&'6E!2.0!52*2.$!2.0!1$J)*,!4QLb!Z!HIAQ!l!HLH!Z!HIA\!"#$%&'6E!9)*!.$*!9-*J--.!
52*2.$!2.0!B$3$!4QLO!Z!HIAQ!l!QLI!Z!HIAc!"#$%&'T!?!n!ILPSS6L!1>-3-!+-%2*,$.3>,?3!0$!
.$*!3)??$+*!*>-!*+-.0!,.!9,$#233!02*2!=$+!*>-3-!%2K-3E!*>)3!_.!,3!.$*!?-+:-,8-0!*$!9-!
2!%,#,*,.M!.)*+,-.*L!V.!200,*,$.E!_.!,3!+2+-%@!,.!3>$+*!3)??%@!23!+2,.!:2++,-3!=+$#!\LP!*$!
HP\!"#$%&'!4<$%-E!HOP\6L!!
!
5$!:$.:-.*+2*,$.3!J-+-!3*2*,3*,:2%%@!3,M.,=,:2.*!9-*J--.!52*2.$!2.0!1$J)*,!4?!n!
ILIQQ6E!52*2.$!2.0!B$3$!4?!n!ILIcO6E!52>2%$.2!2.0!1$J)*,!4?!n!ILIQQ6E!52>2%$.2!
2.0!B$3$!4?!n!ILI\Y6E!2.0!1$J)*,!2.0!B$3$!4?!n!ILIQP6E!9)*!.$*!9-*J--.!52*2.$!2.0!
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52>2%$.2!4?!n!ILYPP6L!/::$+0,.M!*$!F-2%-@!4HOY\6E!?>@*$?%2.K*$.!+-U),+-!5$!2*!2!
#-2.!:$.:-.*+2*,$.!$=!PLI!Z!HIA\!"#$%&'L!1>-!:$.:-.*+2*,$.3!$=!5$!,.!*>-!%2K-3!J-+-!
$.-!*$!*J$!$+0-+3!$=!#2M.,*)0-!%$J-+!*>2.!*>,3!:$.:-.*+2*,$.!4bLI!Z!HIAc!l!\L\!Z!HIAb!
"#$%&'!,.!52*2.$E!cLI!Z!HIAc!l!I!"#$%&'!,.!52>2%$.2E!QLY!Z!HIAc!l!HLO!Z!HIAb!"#$%&'!
,.!1$J)*,E!PLb!Z!HIAc!l!\Lb!Z!HIAb!"#$%&'!,.!B$3$6!2.0!,*!,3!8-+@!%,K-%@!*>2*!5$!,3!
%,#,*,.M!,.!2%%!=$)+!%2K-3L!!
!
<2.$.,:2%!<$++-%2*,$.!/.2%@3,3E!)3-0!*$!*-3*!=$+!+-%2*,$.3>,?3!9-*J--.!-%-#-.*2%!
:$.:-.*+2*,$.3!2.0!?>@*$?%2.K*$.!3?-:,-3!29).02.:-!4R,M)+-!\LP6E!:$#9,.-0!*>-!
?>@*$?%2.K*$.!02*2!J,*>!*>-!V<BA5C!02*2!:$%%-:*-0!2*!*>-!32#-!0-?*>3!452*2.$!IE!
bIE!HII!#T!52>2%$.2!IE!\IE!SI!#T!1$J)*,!IE!bIE!HII!#T!B$3$!I!#6L!1>,3!2.2%@3,3!
3>$J-0!3,M.,=,:2.*!+-%2*,$.3>,?3!4?!h!ILIb6!9-*J--.!*>-!?>@*$?%2.K*$.!:$#?$3,*,$.!
2.0!-%-#-.*2%!:$.:-.*+2*,$.3L!1>-!3*+$.M-3*!+-%2*,$.3>,?3!-Z,3*-0!,.!'2K-!52*2.$!
4%-=*!U)20+2.*E!923-0!$.!%2K-!:%)3*-+3!=+$#!V<BA5C!?%$*E!R,M)+-!\LH6!J,*>!<)!=$+!
=1+2!1;2-4E!J,*>!_.!2.0!B!=$+!<-.*1..!E!2.0!J,*>!5$!=$+!012*%9-)1;*!L!V.!'2K-!B$3$!
4+,M>*!U)20+2.*6E![!,3!?$3,*,8-%@!233$:,2*-0!J,*>!*>-!?+-3-.:-!$=!78.!9:;-9-4!%!2.0!
,+!&2!%+2&9L!
!
)5H(?-0.400-82(
1>-+-!,3!-8,0-.:-!*$!3)??$+*!*>-!>@?$*>-3,3!*>2*!%2K-3!J,*>!3,#,%2+!?>@3,:2%!2.0!
:>-#,:2%!:$.0,*,$.3!J,%%!3)??$+*!3,#,%2+!?>@*$?%2.K*$.!233-#9%2M-3E!J,*>!+-3?-:*!*$!
9,$#233!2.0!:$#?$3,*,$.L!V.!*>-!:23-!$=!52*2.$!2.0!52>2%$.2E!*>-!)3-!$=!*>-!
Cj+-.3-.!C,#,%2+,*@!<$-==,:,-.*!=$+!?2,+J,3-!:$#?2+,3$.3!$=!*>-!%2K-3f!?>@*$?%2.K*$.!
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:$#?$3,*,$.3!0-#$.3*+2*-0!*>2*!*>-@!J-+-!*>-!#$3*!3,#,%2+!4ILYS6E!2.0!
?>@*$?%2.K*$.!:$).*3!3>$J-0!*>-!#$3*!3,#,%2+!9,$#233-3!9-*J--.!*>-3-!*J$!%2K-3!
4HLSQ!Z!HIAQ!l!PL\O!Z!HIAH!"M&'!=$+!52*2.$E!HLHb!Z!HIA\!l!bLIP!Z!HIAQ!"M&'!=$+!
52>2%$.26L!V.!200,*,$.E!*>-3-!*J$!%2K-3!3>$J-0!.$!3*2*,3*,:2%%@!3,M.,=,:2.*!0,==-+-.:-!
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#,:+$.)*+,-.*!%,#,*2*,$.!,.!52*2.$L!<$#?2+,.M!*>-!#-2.!5$!:$.:-.*+2*,$.3!,.!*>-!
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0+,8-.!9@!*>-!:$.:-.*+2*,$.3!$=!<+!2.0!5$!,.!*>-!%2K-3L!<$.:-.*+2*,$.3!$=!<+!J-+-!
3,M.,=,:2.*%@!>,M>-+!,.!'2K-!52*2.$!*>2.!,.!'2K-!B$3$E!2.0!2+-!29$8-!*>-!<2.20,2.!
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:$.3,3*-.*!J,*>!?+-8,$)3!<+!#-23)+-#-.*3!,.!52*2.$!4<+$J-!-*!2%LE!QIIY6L!<+!
*$Z,:,*@!>23!*>-!?$*-.*,2%!*$!+-M)%2*-!9$*>!?>@*$?%2.K*$.!:$#?$3,*,$.!2.0!
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!
!
!
!
 86!
)5M(L&<&'&2.&0(
!
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E!I1%"H1%12M$K"H1%$"0!4!31LE!*E!\bAcPL!
!
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C)%2J-3,!N-%*!4-23*-+.!V.0$.-3,26`!:$.3*+2,.*3!=$+!M-$0@.2#,:!#$0-%3L!S4+$"C$"D!2+8"
,(*LE!57E!bQcAb\YL!
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]2%%-.E!dLaL!4HOOS6!/02?*2*,$.!$=!*>-!M+$J*>!$=!*>-!0,2*$#!62!3*.!2*!"(2-+-414%*%!
4[,**$.6!2.0!*>-!?>@*$?%2.K*$.!233-#9%2M-!$=!'2K-!e+,-!*$!:>+$#,)#!*$Z,:,*@L!C$"
>21!+"E!I1%$"H1%LE!((E!bbASQL!!
!
]-*X-%E!7LaL!4QIIH6!',#.$%$M@E!\+0!-0L!/#-+,:2.!B+-33E!C2.!d,-M$L!!
!
],%3$.E!5LeLoL!2.0!5$33E!CLoL!4HOOO6!<-.$X$,:!?2%-$M-$M+2?>,:!-8$%)*,$.!$=!C)%2J-3,!
2.0!N$+.-$L!#!.1-31-32$"#!.1-(.*9!+-.$"#!.1-1(-.$!71*E!\I\A\\YL!!
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@.A?'!3)7!d-*-:*,$.!%,#,*3!=$+!V<BA5C!-%-#-.*2%!2.2%@3,3!2.0!#-2.!:$.:-.*+2*,$.3!
=$+!*>-!)??-+!J2*-+3!$=!%2K-3!52*2.$!45/16E!52>2%$.2!45/F6E!1$J)*,!41D]6E!2.0!
B$3$!4BDCD6!,.!"#$%&'L!C*2.02+0!-++$+3!2+-!3>$J.L!!
!
!
B'.;!C>;0';-&.-#>;!DEF>?GHI!J>&!%KK'&!L.-'&/!!
D766!F!B:@8!@MN8!OM,MIP!+6!F!B:QI!!
R?'F';-!
!
S'-'0-#>;!
H#F#-!
DEF>?GHI!
!
B:@! B:Q! @MN! OM,M!
(2! bLH!Z!HIAH!
bL\!Z!HIH!l!
bLQ!!
cLb!Z!HIH!l!
SLQ!Z!HIAH!
QLY!Z!HIH!l!
PLS!Z!HIAH!
\LH!Z!HIH!l!
cL\!Z!HIAQ!
B! PLY!Z!HIAQ!
\LP!l!!
PLP!Z!HIAH!
bLb!Z!HIAH!l!
cLP!Z!HIA\!
bLQ!Z!HIAHl!
QLH!Z!HIAQ!
SL\!Z!HIAQ!l!
PLY!Z!HIA\!
[! \LS!Z!HIAQ!
\LP!l!!
HLY!Z!HIAH!
\LY!!
l!SLS!Z!HIAQ!
QLO!l!!
cLQ!Z!HIAQ!
HLc!Z!HIH!l!
HLI!Z!HIAH!
<+! HLO!Z!HIA\!
HLI!Z!HIAH!l!
HLH!Z!HIAQ!
HLI!Z!HIAH!l!
cL\!Z!HIA\!
PLO!Z!HIAQ!l!
bLY!Z!HIA\!
QL\!Z!HIAQ!l!
QL\!Z!HIA\!
5.! QLI!Z!HIAc!
YLY!Z!HIAQ!l!
YLH!Z!HIA\!
OLb!Z!HIAQ!l!
HLO!Z!HIA\!
HLS!Z!HIAH!l!
YLQ!Z!HIAQ!
SLO!Z!HIAQ!l!
cLP!Z!HIA\!
R-! QLI!Z!HIAc!
cLO!Z!HIAH!l!
HLP!Z!HIAQ!
\LY!Z!HIAH!l!
HLP!Z!HIAc!
HL\!Z!HIAH!l!
HLb!Z!HIA\!
PLP!Z!HIAH!l!
HLc!Z!HIAH!
<$! QLI!Z!HIAc!
HLP!Z!HIA\!l!
\LH!Z!HIAc!
OLI!Z!HIAc!l!
YLH!Z!HIAb!
bLY!Z!HIAc!l!
\LP!Z!HIAb!
OLO!Z!HIA\!l!
YLI!Z!HIA\!
(,! HLY!Z!HIA\!
cL\!Z!HIAQ!l!
SLO!Z!HIA\!
PL\!Z!HIAQ!l!
\LQ!Z!HIA\!
cLQ!Z!HIAQ!l!
OLb!Z!HIAc!
SLH!Z!HIAQ!l!
\LY!Z!HIAQ!
<)! PLI!Z!HIAc!
OLY!Z!HIA\!l!
PLO!Z!HIAc!
cLH!Z!HIA\!l!
QLH!Z!HIAc!
cLH!Z!HIA\!l!
QLS!Z!HIAc!
YLQ!Z!HIA\!l!
SLP!Z!HIAc!
_.! HLb!Z!HIAQ!
HLH!Z!HIAH!l!
QLc!Z!HIAQ!
QLP!Z!HIAQ!l!
HLY!Z!HIA\!
QLb!Z!HIAQ!l!
HLH!Z!HIA\!!
QLO!Z!HIAQ!l!
QLI!Z!HIAc!
5$! HLI!Z!HIAb!
bLI!Z!HIAc!l!
\L\!Z!HIAb!
cLI!Z!HIAc!l!!
I!
QLY!Z!HIAc!l!
HLO!Z!HIAb!
PLb!Z!HIAc!l!
\Lb!Z!HIAb!
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@.A?'!3)(!D8-+8,-J!$=!?+$0):*,$.!2.0!0,8-+3,*@!,.0,:-3!=$+!*>+--!52%,%,!'2K-3!2.0!
'2K-!B$3$E!52+:>!QIIPL!C*2.02+0!-++$+3!=$+!9,$#233-3!2+-!%,3*-0!J>-.!?$33,9%-L!
!
!
!
,.FK?'!!
!
!
T#>F.//!
DE$GHI!
!
U!V;W#<#W%.?/!
G!FH!
!
,9.;;>;!
S#<'&/#-X!
V;W'Y!!
D6Z1)+I!
!
,K'0#'/!
[#09;'//!
!
R<';;'//!
D6Z7I!
!
!
52*2.$!!
I!#! cLbQ!Z!HIc! \S! HLbP! HI! ILSP!
bI!#! \LQc!Z!HI\! \\! HLbS! HI! ILSP!
HII#! HLIY!Z!HIQ! QH! ILOQ! S! ILbH!
5-2.!
!
!
HLSQ!Z!HIc!l!
PL\O!Z!HI\!
!
\I!
!
!
HL\b!
!
!
O!
!
!
ILSQ!
!
!
!
52>2%$.2!
I#! cLcY!Z!HIQ! cb! ILPY! b! ILbc!
\I#! HLIb!Z!HIQ! O! HL\Q! \! ILOb!
SI#! QLO!Z!HI\! Hb! HLII! S! ILbS!
5-2.!
!
!
HLHb!Z!HIc!l!
bLIP!Z!HI\!
!
Q\!
!
!
HLIS!
!
!
b!
!
!
ILSP!
!
!
!
1$J)*,!
I#! QLP\!Z!HI\! O! ILOS! c! ILSO!
bI#! PL\S!Z!HIH! Y! ILOS! \! ILPY!
HII#! cL\H!Z!HIH! b! ILOc! \! ILPY!
5-2.!
!
!
OLPS!Z!HIQ!l!
bL\Q!Z!HIQ!
!
Y!
!
!
ILOb!
!
!
\!
!
!
ILPH!
!
!
!
B$3$!!
I!#! HLQP!Z!HIb! SH! HLIO! S! ILbS!
!
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?>@*$?%2.K*$.!:$#?$3,*,$.L!k!2.0!w!-++$+!92+3!3>$J!Ob;!:$.=,0-.:-!,.*-+82%3L!D.%@!
$.-!32#?%-!J23!282,%29%-!=$+!'2K-!B$3$E!*>)3!:$.=,0-.:-!,.*-+82%3!:$)%0!.$*!9-!
:2%:)%2*-0L!1>,3!=,M)+-!3>$J3!*>-!3-?2+2*,$.!$=!*>-!*>+--!52%,%,!%2K-3!2.0!B$3$!923-0!
$.!?>@*$?%2.K*$.!:$#?$3,*,$.L!!
B<D!H!
B
<
D
!Q
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"#$%&'!3)(!1-#?-+2*)+-!?+$=,%-3!=$+!%2K-3!52*2.$E!52>2%$.2E!1$J)*,E!2.0!B$3$!
 94!
!
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
"#$%&'!3)3!d,33$%8-0!$Z@M-.!?+$=,%-3!=$+!%2K-3!52*2.$E!52>2%$.2E!1$J)*,E!2.0!B$3$!!
 95!
!
!
!
!
!
"#$%&'!3)1!B>$*$3@.*>-*,:!$Z@M-.!?+$=,%-3!=$+!%2K-3!52*2.$!2.0!B$3$!
 96!
!
!
!
"#$%&'!3)*!<$.0):*,8,*@!?+$=,%-3!=$+!%2K-3!52*2.$E!52>2%$.2E!1$J)*,E!2.0!B$3$!
 97!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
 
 
 
 
 
 
 
 
 
"#$%&'!3)+!?F!?+$=,%-3!=$+!%2K-3!52*2.$E!52>2%$.2E!1$J)*,E!2.0!B$3$!!
 98!
@.A?'!3)3!()*+,-.*!02*2!4"#$%&'6!$=!.,*+$M-.!23!(F\!2.0!(D\&(DQ!2.0!?>$3?>$+)3!
23!C7B!2.0!1B!=$+!%2K-3!52*2.$E!52>2%$.2E!1$J)*,E!2.0!B$3$L!5-2.3!2.0!3*2.02+0!
-++$+3!=$+!'2K-!52*2.$!J-+-!:2%:)%2*-0!=+$#!32#?%-3!:$%%-:*-0!,.!o)%@!HOOOE!o2.)2+@!
QIIIE!2.0!/)M)3*!QIIIT!'2K-!52>2%$.2!32#?%-3!J-+-!:$%%-:*-0!,.!R-9+)2+@!HOOYT!
'2K-!1$J)*,!32#?%-3!J-+-!:$%%-:*-0!,.!R-9+)2+@!QIIQT!'2K-!B$3$!32#?%-3!J-+-!
:$%%-:*-0!,.!52+:>!QIIPL!!
!
H.\'! S'K-9!
DFI!
]Q3!!
DEF>?GHI!
]M3G]M(!!
DEF>?GHI!
,[O!
DEF>?GHI!
@O!!
DEF>?GHI!
!
I! ILQO!l!ILHH! ILb\!l!IL\I! ILHS!l!ILIS! ILH\!l!ILI\!
bI! ILYH!l!IL\b! ILHH!l!ILIQ! ILcP!l!ILcH! IL\Q!l!ILHS!
HII! ILcY!l!ILQ\! ILPH!l!ILSS! ILHQ!l!ILI\! ILH\!l!ILI\!
HbI! HQLYH!l!bLIS! ILHO!l!ILHQ! ILQS!l!ILIS! ILHO!l!ILHI!
QII! SILQY!l!Q\LOb! HLIO!l!ILOS! HLbb!l!ILbQ! QLQ\!l!HLII!
\II! ccLYO!l!OLPO! ILHH!l!ILIc! QLQO!l!HLQQ! HLQS!l!ILbb!
52*2.$!
cII! SOLSO!l!QSLSS! ILHH!l!ILIc! HL\Q!l!ILSP! HLPH!l!ILYc!
52>2%$.2! I! ILHP! ILQH! ILIS! ILHO!
! \I! ILHP! HLO\! ILIS! ILHS!
! bb! ILHP! HLQP! ILIS! ILHS!
1$J)*,! I! HLSb! ILIS! ILIS! ILHO!
! bI! ILbO! ILIS! ILIS! ILHS!
! HII! ILHP! ILPS! ILHI! ILHS!
! HOI! ILHP! HLbI! IL\O! ILHS!
B$3$! I! .2! .2! .2! ILHO!
! HII! .2! .2! .2! IL\b!
! \II! .2! .2! .2! ILPY!
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;-G)(!HDID!!
!
*"+%& ,%-./&
012&
3"&
&
4&
&
5&
&
67&
&
89&
&
:%&
&
6;&
&
3<&
&
6=&
&
>9&
&
8;&
&
J! KDI!L!IJI! MDN!! ODH!! IDO!L!IJ%I! IDJ!L!IJ%I! PDP!L!IJ%I! QDR!L!IJ%H! MDK!L!IJ%Q! IDQ!L!IJ%Q! QDJ!L!IJ%I! MDJ!L!IJ%O!
PJ! HDM!L!IJI! QDQ!! HDP!! RDJ!L!IJ%Q! MDN!L!IJ%Q! ODK!L!IJ%I! IDQ!L!IJ%H! HDH!L!IJ%Q! MDN!L!IJ%H! PDR!L!IJ%Q! PDJ!L!IJ%O!
IJJ! ODO!L!IJI! QDO!! HDO!! KDR!L!IJ%Q! MDI!L!IJ%Q! ODP!L!IJ%I! IDO!L!IJ%H! HDJ!L!IJ%Q! IDJ!L!IJ%Q! NDQ!L!IJ%Q! ODJ!L!IJ%O!
IJP! ODO!L!IJI! IDN!! HDK!! NDR!L!IJ%Q! NDQ!L!IJ%Q! ODK!L!IJ%I! KDJ!L!IJ%O! HDQ!L!IJ%Q! HDR!L!IJ%H! KDH!L!IJ%Q! ODJ!L!IJ%O!
IIJ! ODQ!L!IJI! IDN!! HDP!! NDO!L!IJ%Q! NDH!L!IJ%Q! ODP!L!IJ%I! KDJ!L!IJ%O! HDP!L!IJ%Q! PDJ!L!IJ%H! ODP!L!IJ%Q! ODJ!L!IJ%O!
IPJ! MDM!L!IJI! ODM!! PDQ!! ODQ!L!IJ%Q! IDP!L!IJI! IDM!L!IJI! QDK!L!IJ%Q! QDM!L!IJ%Q! ODM!L!IJ%H! IDH!L!IJ%I! HDJ!L!IJ%O!
QJJ! NDI!L!IJI! MDN!! MDI!! QDR!L!IJ%Q! IDO!L!IJI! QDO!L!IJI! ODH!L!IJ%Q! QDP!L!IJ%Q! ODK!L!IJ%H! IDP!L!IJ%I! KDJ!L!IJ%O!
HJJ! ODQ!L!IJI! IDM!! HDK!! MDR!L!IJ%Q! KDK!L!IJ%I! IDO!! QDJ!L!IJ%H! QDK!L!IJ%Q! QDP!L!IJ%H! ODR!L!IJ%Q! HDJ!L!IJ%O!
OJJ! NDK!L!IJI! NDN!! MDM!! QDP!L!IJ%Q! IDQ!L!IJI! QDR!L!IJI! HDP!L!IJ%Q! QDR!L!IJ%Q! PDP!L!IJH! IDK!L!IJ%I! PDJ!L!IJ%O!
&:;!
PJJ! NDO!L!IJI! NDI!! RDQ!! QDH!L!IJ%Q! IDH!L!IJI! QDP!L!IJI! ODH!L!IJ%Q! QDK!L!IJ%Q! PDQ!L!IJ%H! IDM!L!IJ%I! HDJ!L!IJ%O!
J! ODO!L!IJI! PDP!L!IJ%I! HDM!! RDN!L!IJ%Q! RDH!L!IJ%Q! HDK!L!IJ%I! IDJ!L!IJ%H! NDN!L!IJ%Q! HDN!L!IJ%H! QDM!L!IJ%Q! ODJ!L!IJ%O!
HJ! ODM!L!IJI! PDO!L!IJ%I! HDN!! IDI!L!IJ%I! RDN!L!IJ%Q! HDK!L!IJ%I! NDJ!L!IJ%O! KDR!L!IJ%Q! ODO!L!IJ%H! HDI!L!IJ%Q! ODJ!L!IJ%O!
&:>!
MJ! ODO!L!IJI! PDN!L!IJ%I! HDK!! IDQ!L!IJ%I! NDJ!L!IJ%Q! HDP!L!IJ%I! PDJ!L!IJ%O! MDM!L!IJ%Q! ODM!L!IJ%H! HDO!L!IJ%Q! ODJ!L!IJ%O!
J! QDK!L!IJI! ODM!L!IJ%I! QDR!! KDH!L!IJ%Q! HDQ!L!IJ%Q! IDO!L!IJ%I! KDJ!L!IJ%O! ODO!L!IJ%Q! HDP!L!IJ%H! QDQ!L!IJ%Q! HDJ!L!IJ%O!
PJ! QDM!L!IJI! PDH!L!IJ%I! QDN!! NDM!L!IJ%Q! HDJ!L!IJ%Q! IDH!L!IJ%I! PDJ!L!IJ%O! ODQ!L!IJ%Q! HDN!L!IJH! QDN!L!IJ%Q! QDJ!L!IJ%O!
IJJ! QDK!L!IJI! PDN!L!IJ%I! HDJ! IDI!L!IJ%I! ODJ!L!IJ%I! IDH!L!IJ%I! PDJ!L!IJ%O! HDN!L!IJ%Q! PDJ!L!IJ%H! QDP!L!IJ%Q! HDJ!L!IJ%O!
;AB!
QJJ! QDK!L!IJI! MDQ!L!IJ%I! QDN! IDN!L!IJ%I! ODN!L!IJ%I! KDO!L!IJ%I! MDI!L!IJ%H! IDH!L!IJ%I! KDI!L!IJ%H! QDK!L!IJ%Q! HDJ!L!IJ%O!
J! HDI!L!IJI! MDQ!L!IJ%I! IDO!L!IJI! IDR!L!IJ%Q! MDQ!L!IJ%Q! MDR!L!IJ%I! JDJ! NDR!L!IJ%H! NDP!L!IJ%H! QDR!L!IJ%Q! RDJ!L!IJ%O!
IJJ! HDQ!L!IJI! MDO!L!IJ%I! IDO!L!IJI! QDM!L!IJ%Q! KDM!L!IJ%Q! IDI!!! QDJ!L!IJ%Q! IDI!L!IJ%I! PDN!L!IJ%H! QDN!L!IJ%Q! NDJ!L!IJ%O!
$A'A!
HJJ! HDQ!L!IJI! HDH!! IDO!L!IJI! IDM!L!IJ%Q! NDP!! PDR!! ODN!L!IJ%H! IDO!L!IJ%Q! QDQ!L!IJ%Q! IDJ!L!IJ%I! KDJ!L!IJ%O!
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"#$%&'!()*!"#$%&$'()!*++#,$%(-./!0%()1/$/!2"*34!5(/.,!+%!6*"789!.).:.%-()!
(%()1/$/;!9(:')./!<.#.!&+)).&-.,!$%!8(#&=!>??@;!ABC!&+%D$,.%&.!).E.)!.##+#!5(#/!(#.!
/=+<%;!"*3!F!(&&+G%-/!D+#!HHC!+D!-=.!E(#$(-$+%!$%!-=.!,(-(/.-!(%,!$/!%.I(-$E.)1!
&+##.)(-.,!<$-=!J!(%,!8+!(%,!'+/$-$E.)1!&+##.)(-.,!<$-=!*#;!"*3!>!(&&+G%-/!D+#!FHC!
+D!-=.!E(#$(-$+%!(%,!$/!%.I(-$E.)1!(//+&$(-.,!<$-=!K(!(%,!";
P
C
O
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Poso Towuti 
Mahalona Matano 
+,-!.!
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!
!/012'!()3!0%()1/$/!+D!6*"789!.).:.%-()!,(-(!D+#!)(L./!8(-(%+!280M4N!8(=()+%(!
280O4N!M+<G-$!2M3P4N!(%,!"+/+!2"3934!(:+%I!-=.!G''.#!<(-.#/!2F??!:!D+#!80MN!
M3PN!"393!(%,!Q?!:!D+#!80O4;!"($#<$/.!&+:'(#$/+%/!<.#.!'.#D+#:.,!28(%%7
P=$-%.1!R7-./-4!5.-<..%!)(L./!D+#!-=+/.!.).:.%-/!<$-=!/$I%$D$&(%-)1!,$DD.#.%-!
&+%&.%-#(-$+%/!2J#G/L()7P())$/!-./-N!'!S!?;?B4;!9$I%$D$&(%-!#./G)-/!(%,!:.(%!
&+%&.%-#(-$+%/!2T:+)UV4!D+#!-=.!G''.#!<(-.#/!+D!.(&=!)(L.!(#.!)$/-.,;
Element Lakes p-
value 
Mann-
Whitney  
U-test statistic 
(z) 
 
MAT (5.3 x 101 W 5.2) TOW (2.7 x 101 W!@;X!Y!F?7F) 0.005 12.0 
MAT POSO (3.1 x 101 W!Z;Q!Y!F?7>) 0.011 30.0 
TOW POSO 0.034 12.0 
Na 
MAH (4.5 x 101 W!X;>!Y!F?7F) TOW 0.034 12.0 
 
MAT (3.8 W!@;@!Y!F?7F) MAH (5.5 x 10-1 W!Z;@!Y!F?7Q) 0.011 0.0 
MAT TOW (5.2 x 10-1 W!>;F!Y!F?7>) 0.005 40.0 
P 
TOW POSO (6.3 x 10-2 W!@;H!Y!F?7Q) 0.034 12.0 
 
MAT (3.8 W!F;H!Y!F?7F) TOW (2.9 W!Z;>!Y!F?7>) 0.005 40.0 
MAT POSO (1.4 x 101 W!F;?!Y!F?7F) 0.011 0.0 
MAH (3.7 W!X;X!Y!F?7>) TOW 0.034 12.0 
K 
TOW POSO 0.034 12.0 
 
MAT (1.0 x 10-1 W!F;F!Y!F?7>) MAH (1.0 x 10-1 W!Z;Q!Y!F?7Q) 0.043 27.0 
MAT POSO (2.3 x 10-2 W!>;Q!Y!F?7Q) 0.028 28.0 
Cr 
TOW (8.9 x 10-2 W!B;H!Y!F?7Q) POSO 0.034 0.0 
 
MAT (4.9 x 10-1 W!F;@!Y!F?7>) MAH (3.7 x 10-1 W!F;@!Y!F?7Z) 0.011 0.0 Fe 
MAT TOW (1.3 x 10-1 W!F;B!Y!F?7Q) 0.034 35.0 
 
MAT (4.3 x 10-2 W!X;A!Y!F?7Q) MAH (8.3 x 10-2 W!Q;>!Y!F?7Q) 0.018 29.0 Ni 
MAT TOW (4.2 x 10-2 W!A;B!Y!F?7Z) 0.016 3.0 
 
MAT (1.1 x 10-1 W!>;Z!Y!F?7>) MAH (2.8 x 10-2 W!F;H!Y!F?7Q) 0.011 0.0 
MAT TOW (2.5 x 10-2 W!F;F!Y!F?7Q) 0.005 40.0 
Zn 
TOW POSO (2.9 x 10-2 W!>;?!Y!F?7Z) 0.034 12.0 
 
MAT (5.0 x 10-4 W!Q;Q!Y!F?7B) TOW (2.7 x 10-4 W!F;A!Y!F?7B) 0.022 35.5 
MAT POSO (8.5 x 10-4 W!Q;B!Y!F?7B) 0.049 3.5 
MAH (4.0 x 10-4 W!?) TOW 0.022 12.0 
MAH POSO 0.037 0.0 
Mo 
TOW POSO 0.028 12.0 
 
 102!
K  
(.60,.37) 
Mo 
(-.06,.72) 
Cu 
(-.29,.61) 
P (-.60,.55) 
Zn 
(-.58,.51) 
!
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
"#$%&'!()4!*(%+%$&()!*+##.)(-$+%!0%()1/$/!<(/!G/.,!-+!-./-!D+#!#.)(-$+%/=$'/!
5.-<..%!.).:.%-()!&+%&.%-#(-$+%/!(%,!'=1-+')(%L-+%!/'.&$./!(5G%,(%&.!$%!-=.!D+G#!
)(L./;!0/!$))G/-#(-.,!$%![$IG#.!Q;FN!-=.!).D-!=(%,!\G(,#(%-!$%&)G,$%I!"N!]%N!(%,!*G!
#.'#./.%-/!V(L.!8(-(%+N!(%,!-=.!#$I=-!=(%,!\G(,#(%-!#.'#./.%-/!V(L.!"+/+;!M=.!
/-#+%I./-!#.)(-$+%/=$'/!5.-<..%!'=1-+')(%L-+%!/'.&$./!(5G%,(%&.!(%,!.).:.%-()!
&+%&.%-#(-$+%/!.Y$/-!$%!-=./.!-<+!)(L./;!
P
C
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!"#$%&'()*(!+,-./01+,0!
M=.!+5^.&-$E.!+D!-=$/!-=./$/!<(/!-+!$,.%-$D1!(%,!5.--.#!G%,.#/-(%,!-=.!:.&=(%$/:/!
#./'+%/$5).!D+#!-=.!'=1-+')(%L-+%!(5G%,(%&.!(%,!&+:'+/$-$+%!$%!-=.!8()$)$!V(L./;!
R%,.#/-(%,$%I!-=.!:.&=(%$/:/!#.IG)(-$%I!'=1-+')(%L-+%!I#+<-=!(%,!&+:'+/$-$+%!
$/!$:'+#-(%-!D+#!)(L.!:(%(I.:.%-!(%,!'#+-.&-$+%N!(%,!D+#!-=.!I#.(-.#!G%,.#/-(%,$%I!
+D!-=.!$%-.#')(1!+D!5$+,$E.#/$-1!(%,!'#+,G&-$+%!$%!(\G(-$&!.&+/1/-.:/!(%,!D(&-+#/!
-=(-!I+E.#%!&+::G%$-1!,1%(:$&/!(%,!(//.:5)1;!6%!(%!(--.:'-!-+!G%,.#/-(%,!-=.!
D(&-+#/!#.IG)(-$%I!5$+:(//!(%,!&+:'+/$-$+%N!5$+)+I$&()!2'=1-+')(%L-+%!(%()1/$/4N!
'=1/$&()!2.;I;!-.:'.#(-G#.N!9.&&=$!,.'-=4N!(%,!&=.:$&()!D(&-+#/!2.;I;!%G-#$.%-!(%,!
.).:.%-()!(%()1/$/4!+D!-=.!-=#..!:($%!8()$)$!V(L./!(%,!V(L.!"+/+!<.#.!(%()1_.,;!!
!
V(L.!8(-(%+!=(/!)+<!5$+:(//!&+:'(#.,!-+!+-=.#!)(L./!(-!/$:$)(#!)(-$-G,./!(%,!<$-=!
/$:$)(#!=$/-+#$./!(%,!$/!)(&L$%I!/.E.#()!&+::+%!-(Y(!$%!$-/!'=1-+')(%L-+%!
&+::G%$-1;!"=1-+')(%L-+%!/-G,$./!D#+:!>??Z!29(5+N!>??X4!(%,!>??X!2*=('-.#!>4!
$%,$&(-.,!-=$/!)(L.!&+%-($%/!(!/$:$)(#!%G:5.#!+D!'=1-+')(%L-+%!I.%.#(!&+:'(#.,!-+!
-=(-!+D!+-=.#!-#+'$&()!)(L./N!5G-!-=.!)+<!'=1-+')(%L-+%!5$+:(//!&+G%-/!<.#.!
&+%/$/-.%-!<$-=!.(#)$.#!#./.(#&=!+%!-=./.!)(L./;!"#.E$+G/!/-G,$./!=(E.!/GII./-.,!
:(&#+%G-#$.%-!)$:$-(-$+%!(%,!:.-()!-+Y$&$-1!(/!-=.!D(&-+#/!#./'+%/$5).!D+#!-=./.!
$:'+E.#$/=.,!&+::G%$-1!&=(#(&-.#$/-$&/!29(5+N!>??X`!a#(:5G#I.#N!G%'G5);!,(-(4;!
M=.!#./G)-/!+D!-=$/!-=./$/!&+%&)G,.,!-=(-!'=1/$&()!(%,!&=.:$&()!D(&-+#/!<.#.!
$:'+#-(%-!$%!#.IG)(-$%I!'=1-+')(%L-+%!&+:'+/$-$+%!(%,!5$+:(//;!!
!
!
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"=1/$&()!D(&-+#/!-=(-!#.IG)(-.!-=.!'=1-+')(%L-+%!&+::G%$-1!(#.!-=.!#(-$+!+D!].G!b!]:!
$%!-=.!)(L./;!8(-(%+c/!#./G)-(%-!:$Y$%I!&+%-$%G+G/)1!:+E./!'=1-+')(%L-+%!+G-!+D!-=.!
.G'=+-$&!_+%.N!-=G/!)$:$-$%I!'=+-+/1%-=./$/!(%,!5$+:(//;!M=$/!$/!&+%/$/-.%-!<$-=!
O(DD%.#!.-!();c/!#.'+#-/!-=(-!-=.!(G-+-#+'=$&!'#+,G&-$+%!$/!)$:$-.,!,G.!-+!.Y-.%/$E.!
E.#-$&()!:$Y$%I!2O(DD%.#!.-!();N!>??F4;![#+:!-=.!'(--.#%!+D!,.&#.(/$%I!&+%,G&-$E$-1!
,+<%/-#.(:N!&+%-#(#1!-+!-=.!d$E.#!*+%-$%GG:!=1'+-=./$/!2e+#,+%!.-!();N!>??Z4N!(%,!
-=.!,$DD.#.%&./!$%!.).:.%-()!&+%&.%-#(-$+%/!5.-<..%!&+%%.&-.,!)(L./!8(=()+%(!(%,!
M+<G-$N!(%,!,$DD.#.%&./!$%!.).:.%-()!&+%&.%-#(-$+%/!(-!,$DD.#.%-!,.'-=/!$%!8(-(%+N!$-!
$/!.E$,.%-!-=(-!-=./.!)(L./!#.&.$E.!<(-.#!D#+:!,$DD.#.%-!/+G#&./;!8(-(%+!#.&.$E./!
<(-.#!D#+:!G%,.#I#+G%,!<(-.#!$%'G-/!(/!<.))!(/!/G#D(&.!#G%+DDN!<=$).!-=.!+-=.#!
)(L./!(#.!,+:$%(-.,!51!$%'G-/!D#+:!/G#D(&.!#G%+DD;!f$DD.#.%&./!5.-<..%!)(L.!<(-.#!
&=.:$/-#1!+D!8(-(%+!(%,!"+/+!#.D).&-!,$DD.#.%-!<(-.#!/+G#&./N!<=$&=!:(1!$%!-G#%!5.!
#./'+%/$5).!D+#!-=.!,$DD.#.%&.!$%!'=1-+')(%L-+%!'#+,G&-$+%!&('(&$-1!+5/.#E.,!<$-=!
#./'.&-!-+!()I()!/-(%,$%I!&#+'/;!!
!
M=.!%G-#$.%-!(,,$-$+%!.Y'.#$:.%-/!$%!*=('-.#!>!'#+E$,.,!/-#+%I!.E$,.%&.!-=(-!K!(%,!
"N!G%)$L.!$%!/+!:(%1!)(L./N!(#.!%+-!-=.!'#$:(#1!D(&-+#/!,#$E$%I!-=.!'=1-+')(%L-+%!
I#+<-=!(%,!&+:'+/$-$+%;!0,,$-$+%/!+D!K!(%,!"!$%,$E$,G())1!(%,!$%!&+:5$%(-$+%N!(-!
E(#$+G/!&+%&.%-#(-$+%/N!,$,!%+-!'#+,G&.!/$I%$D$&(%-!&=(%I./!$%!#.)(-$E.!(5G%,(%&./!
+#!5$+)+I$&())1!/$I%$D$&(%-!&=(%I./!$%!5$+:(//;!M=.!=$I=./-!5$+:(//!(D-.#!FX!,(1/!+D!
&G)-$E(-$+%!2F;FXB!Y!F?Q!W!@;BF!Y!F?>!gIUV4!<(/!/-$))!&+:'(#(5).!-+!-=(-!$%!(:5$.%-!
<(-.#/!2F;Q!Y!F?F!gIUV4N!(/!#.'+#-.,!51!9(5+!2>??X4N!(%,!$%!+-=.#!-#+'$&()!)(L./!2$;.;!
F;?!Y!F?F!-+!B;?!Y!F?Q!gIUV!$%!-=.!*(/'$(%!9.(4!2fG:+%-N!FAA@4;!M=.#.!<.#.!()/+!%+!
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/$I%$D$&(%-!,$DD.#.%&./!2'!h!?;?B4!$%!-=.!#.)(-$E.!(5G%,(%&./!+D!-=.!-=#..!,+:$%(%-!
-(Y(!D+#!(%1!%G-#$.%-!-#.(-:.%-/;!KG-#$.%-!(%()1/$/!$%!*=('-.#!Q!$%,.%-$D$.,!%+!
/$I%$D$&(%-!,$DD.#.%&.!5.-<..%!M"!&+%&.%-#(-$+%/!$%!8(-(%+!(%,!"+/+;!M=.!
:(&#+%G-#$.%-/!K!(%,!"!(#.!%+-!)$:$-$%I!-=.!+5/.#E.,!'=1-+')(%L-+%!(5G%,(%&.!(%,!
,$E.#/$-1!$%!V(L.!8(-(%+N!(%,!8(-(%+!$/!)$L.)1!%+-!/G5^.&-!-+!-=.!-=#.(-!+D!
(%-=#+'+I.%$&!.G-#+'=$&(-$+%!(/!$%&#.(/.,!K!(%,!"!$%'G-/!(#.!'#.,$&-.,!-+!=(E.!
)$--).!.DD.&-!$%!/-$:G)(-$%I!5$+)+I$&()!'#+,G&-$+%;!!
!
e#+<-=!'+-.%-$()!/-G,$./!G/$%I!*OR7F?!I#+<-=!:.,$(!,$)G-.,!<$-=!8(-(%+!<(-.#!
/=+<.,!/$I%$D$&(%-!2'!S!?;?B4!$%&#.(/./!$%!&=)7!!&+%&.%-#(-$+%/!D+#!8(-(%+!
'=1-+')(%L-+%;!M=$/!$%,$&(-./!(!%G-#$.%-!)$:$-(-$+%!$%!-=.!)(L.!<(-.#!-=(-!<(/!
()).E$(-.,!<$-=!-=.!(,,$-$+%!+D!I#+<-=!:.,$(;!6%!(,,$-$+%N!&G)-G#.,!&=)+#+'=1-.!(%,!
&1(%+5(&-.#$(!&=)7!!&+%&.%-#(-$+%/!/=+<.,!(!/=(#'!,.&)$%.!D+#!-#.(-:.%-/!
&+%-($%$%I!,$)G-$+%/!+D!B?C!+#!:+#.!8(-(%+!<(-.#N!$%,$&(-$E.!+D!(!%G-#$.%-!
)$:$-(-$+%!-=#./=+),!+#!(!&=.:$&()!)$:$-(-$+%;!0&&+#,$%I!-+!O.().1c/!&+%&.%-#(-$+%/!
+D!.).:.%-/!#.\G$#.,!51!/+:.!'=1-+')(%L-+%!2O.().1N!FAHQ4N!-=$/!.Y'.#$:.%-!
$%,$&(-.,![.N!9$N!JN!*(!(%,!K(!<.#.!5.)+<!<=(-!$/!#.\G$#.,!51!/+:.!'=1-+')(%L-+%!
(%,!-=./.!%G-#$.%-/!:(1!5.!)$:$-$%I;!!
!
*+%/$,.#$%I!())!(E($)(5).!.E$,.%&.!D#+:!/-(-$/-$&()!,$DD.#.%&./N!-=.!I.+)+I$&()!/.--$%IN!
'#.E$+G/!#./.(#&=N!(%,!5$+)+I$&()!/$I%$D$&(%&.N!)+<!K(!(%,!J!&+%&.%-#(-$+%/!:(1!5.!
:$%+#!&+%-#$5G-+#/!-+!-=.!#.IG)(-$+%!+D!'=1-+')(%L-+%!I#+<-=N!5G-!*#!(%,!8+!(#.!-=.!
:+/-!$%D)G.%-$()!:.-()/!&(G/$%I!)$:$-(-$+%!-+!I#+<-=!(%,!(5G%,(%&.!$%!V(L.!8(-(%+;!!
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*#+<.!.-!();!2>??H4!=(E.!#.'+#-.,!#.)(-$E.)1!=$I=!).E.)/!+D!-+Y$&!*#!2i64!2F;@!Y!F?7Q!
T:+)UV4;!M=.!(%()1/$/!&+%,G&-.,!D+#!-=$/!-=./$/!:.(/G#.,!-=.!*#!&+%&.%-#(-$+%!(-!?7
B?!:!D+#!V(L.!8(-(%+!2F;Z!Y!F?7F!T:+)UV4!(5+E.!-=(-!#.\G$#.,!D+#!(!#.,G&-$+%!$%!
()I()!I#+<-=N!F;>!Y!F?7F!T:+)UVN!(&&+#,$%I!-+!-=.!*(%(,$(%!P(-.#!jG()$-1!eG$,.)$%./!
2"(<)$/_!.-!();N!FAAH4N!(%,!<$-=$%!(!#(%I.!+D!&+%&.%-#(-$+%/!-=(-!&(G/.,!$%=$5$-$+%!+D!
I#+<-=!(%,!&=(%I./!$%!#.)(-$E.!(5G%,(%&.!2P()).%N!FAAX4;!!M=./.!D$%,$%I/!/G''+#-!
'#.E$+G/!#./.(#&=N!$%!.Y(:').!9(5+!/=+<.,!(%!$%&#.(/.!$%!'=1-+')(%L-+%!5$+:(//!
<$-=!#.,G&-$+%/!+D!*#!29(5+N!>??X4N!(%,!a#(:5G#I.#!/=+<.,!(%!$%&#.(/.!$%!5$+:(//!
(%,!#.)(-$E.!(5G%,(%&./!+D!,$(-+:/!<$-=!/$:G)(-$+%!+D!(%!G'<.))$%I!.E.%-N!<=$&=!
&(G/.,!#.,G&-$+%/!+D!*#!2a#(:5G#I.#N!G%'G5);!,(-(4;!M=.!)(&L!+D!&)(,+&.#(%/!$%!V(L.!
8(-(%+!=(/!5..%!&+%&)G,.,!-+!5.!(!DG%&-$+%!+D!*#!-+Y$&$-1!2[.#%(%,+N!FA@H4;!M=$/!$/!
/-#+%I!.E$,.%&.!-+!/G''+#-!-=.!)$:$-(-$+%!+D!'=1-+')(%L-+%!(5G%,(%&.!(%,!
&+:'+/$-$+%!51!*#!-+Y$&$-1;!!
!
8+!<(/!%+-!G/.,!D+#!-=.!e#+<-=!"+-.%-$()!M./-/N!5G-!-=.!(5$)$-1!+D!8+!-+!&(G/.!
)$:$-(-$+%!$%!D#./=!<(-.#!=(/!5..%!#.'+#-.,!$%!:G)-$').!/-G,$./!2e+),:(%N!FAX?`!
f+<%/!.-!();N!>??@4;!kY'.#$:.%-/!/=+<.,!(%!(,,$-$+%!+D!-.%!-$:./!-=.!(:5$.%-!8+!
&+%&.%-#(-$+%!2>;X!Y!F?7>!T:+)UV4!&+G),!/-$:G)(-.!(!%.(#!Z?C!$%&#.(/.!$%!'#$:(#1!
'#+,G&-$E$-1!2'!S!?;??F4!+E.#!-=.!&+%-#+)/!2f+<%/!.-!();N!>??@4;!V(L.!"+/+!=(,!(!8+!
&+%&.%-#(-$+%!X?C!=$I=.#!-=(%!-=(-!+D!8(-(%+N!(%,!(!'=1-+')(%L-+%!5$+:(//!-.%!
-$:./!=$I=.#!-=(%!-=(-!$%!8(-(%+;!8+!&+%&.%-#(-$+%/!<.#.!E.#1!)+<!D+#!())!)(L./!2.;I;!
B;?!Y!F?7Z!T:+)UV!D+#!8(-(%+N!@;B!Y!F?7Z!T:+)UV!D+#!"+/+4N!5G-!-=$/!,$DD.#.%&.!
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5.-<..%!"+/+!(%,!8(-(%+!$/!.%+GI=!-+!)$:$-!'=1-+')(%L-+%!I#+<-=!(%,!(5G%,(%&.N!
(%,!)$:$-!%.<!&+)+%$_(-$+%!51!/'.&$./!%+-!(,('-.,!-+!)+<!8+!&+%&.%-#(-$+%/;!
!
6%!&+%&)G/$+%N!$-!$/!'=1/$&()!D(&-+#/!2:$Y$%I!#.I$:.4!(%,!&=.:$&()!D(&-+#/!2.).E(-.,!
&+%&.%-#(-$+%/!+D!*#!(%,!)$:$-$%I!&+%&.%-#(-$+%/!+D!8+4!-=(-!(#.!,#$E$%I!-=.!
'=1-+')(%L-+%!&+::G%$-1!<$-=!#./'.&-!-+!&+:'+/$-$+%!(%,!(5G%,(%&.;![G#-=.#!
$%E./-$I(-$+%/!$%-+!-=.!/'.&$D$&!#.\G$#.:.%-/!+D!(%,!'=1/$+)+I$&()!G'-(L.!51!-=.!
l:$//$%Ic!'=1-+')(%L-+%!2*=#1/+'=1-./N!*#1'-+'=1-./N!*.%-#()./4N!(/!<.))!(/!-=(-!+D!
:(%1!&+::+%!&+/:+'+)$-(%!/'.&$./N!:(1!'#+E$,.!I#.(-.#!$%/$I=-!$%-+!-=.!
#.IG)(-+#1!(/'.&-/!+D!-=.!&=.:$&()!.%E$#+%:.%-/!+D!-=.!8()$)$!)(L./;!*=.:$&()!
:+,.)$%I!<+G),!'#+E$,.!(!G/.DG)!'$&-G#.!+D!&=.:$&()!/'.&$(-$+%!(%,!#.(&-$+%/!
+&&G##$%I!(-!E(#$+G/!,.'-=/!<$-=$%!-=$/!)(L.;![+#!%+<N!-=.#.!$/!(%!+'-$:$/-$&!DG-G#.!
D+#!(!)(L.!#./$/-(%-!-+!.G-#+'=$&(-$+%!+#!$%E(/$+%;!!
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)23(4&5&'&,-&0(
*#+<.N!9;0;`!3cK.$))N!0;O;`!J(-/.EN!9;`!O.=(%G//(N!";`!O(DD%.#N!e;f;`!9G%,51N!a;`!8G&&$N!
0;`![+<).N!f;!2>??H4!M=.!5$+I.+&=.:$/-#1!+D!-#+'$&()!)(L./b!(!&(/.!/-G,1!D#+:!V(L.!
8(-(%+N!6%,+%./$(;!"#$%&'()*+,!%&-.;N!3(N!QFA7QQF;!!
!
f+<%/N!M;8;`!9&=()).%5.#IN!8;!(%,!aG#%/N!*;P;!2>??@4!d./'+%/./!+D!)(L.!
'=1-+')(%L-+%!-+!:$&#+%G-#$.%-!.%#$&=:.%-b!(!/-G,1!$%!-<+!K.<!].()(%,!)(L./!(%,!
(%!(%()1/$/!+D!'G5)$/=.,!,(-(;!/01!2()3+#(4)*5N!QZH7QX?;!
!
fG:+%-N!O;m;!2FAA@4!M=.!*(/'$(%!V(L.b!=$/-+#1N!5$+-(N!/-#G&-G#.N!(%,!DG%&-$+%;!"#$%&'()
*+,!%&-.(4!6(N!ZZ7B>;!!
!
[.#%(%,+N!*;O;!2FA@H4!M#+'$&()!D#./=<(-.#!_++')(%L-+%!<$-=!/'.&$()!#.D.#.%&.!-+!
9+G-=!k(/-!0/$(!23#$.%-()!d.I$+%4!5,6()7!2()8,&-.()3&+(4)4*7!>@H7QFF;!
!
e+),:(%N!*;d;!2FAX?4!8+)15,.%G:!(/!(!D(&-+#!)$:$-$%I!'#$:(#1!'#+,G&-$E$-1!$%!
*(/-).!V(L.N!*()$D+#%$(;!3+#,%+,N!.(8N!F?FX7F?FH;!
!
e+#,+%!f;K;N!M;0;!8&8(=+%N!a;V;![$%)(1/+%N!*;m;!e$''.)N!(%,!d;m;!K(-=(%!2>??Z4!9-#.(:!
O1,#+)+I1!7!0%!6%-#+,G&-$+%!D+#!k&+)+I$/-.;!m+=%!P$).1!n!9+%/N!*=$&=./-.#N!P!9G//;!
!
O(DD%.#N!e;f;`!O.=(%G//(N!";k;!(%,!O(#-+-+N!f;!2>??F4!oM=.!5$+)+I1!(%,!'=1/$&()!
'#+&.//./!+D!)(#I.!)(L./!+D!6%,+%./$(p!6%b!8G%(<(#N!8;!(%,!O.&L1N!d;k;!2.,/4;!9:,)
8.,!2)"!;,<)&=)2:,)>&.'?@)A&&?BC,D4):,!'2:4)!%?)#%2,-.#2E(a(&L=G1/!"G5)$/=.#/N!
V.$,.%N!-=.!K.-=.#)(%,/N!F@Q7FAZ;!
!
O.().1N![;";!2FAHQ4!6%+#I(%$&!%G-#$.%-!G',(-.!(%,!,.D$&$.%&1!$%!()I(.;!F.#2()5,G()
H#+.&D#&'(4!(N!XA7FFQ;!
!
"(<)$/_N!0;i;`!J.%-N!d;0;`!9&=%.$,.#N!R;0;`!m.DD.#/+%N!*;!2FAAH4!*(%(,$(%!<(-.#!\G()$-1!
IG$,.)$%./!D+#!&=#+:$G:;!I%G#.&()9&J()>!2()K1!'(4!.8N!F>Q7F@Q;!
!
9(5+N!k;!2>??X4!F:!.!+2,.#L!2#&%)&=)2:,)M,'!-#+)M'!%;2&%)/<<,$D'!-,)&=)"!;,)H!2!%&)
!%?)N,2,.$#%!2#&%)&=)A!+2&.<)5,-1'!2#%-)M.#$!.E)!%?)3,+&%?!.E)M.&?1+2#&%)
NE%!$#+<(M=./$/N!R%$E.#/$-1!+D!P$%,/+#N!*(%(,(;!
!
P()).%N!f;e;!2FAAX4!0,('-(-$+%!+D!-=.!I#+<-=!+D!-=.!,$(-+:!A.!-#'!.#!)+.&2&%,%<#<!
2J$--+%4!(%,!-=.!'=1-+')(%L-+%!(//.:5)(I.!+D!V(L.!k#$.!-+!&=#+:$G:!-+Y$&$-1;!O()
8.,!2)"!;,<()5,<;N!88N!BB7X>;!!
!
!
!
!
!
!
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APPENDIX I: Detailed phytoplankton counts from lakes Matano (Table I), Mahalona 
(Table II), Towuti, (Table III) and Poso (Table IV) 
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/012'!9!05G%,(%&.!+D!'=1-+')(%L-+%!I.%.#(!(/!%G:5.#!+D!&.))/!'.#!V!D+#!V(L.!
8(-(%+;!f$E$/$+%/!(#.!#.'#./.%-.,!(/!a!D+#!5(&$))(#$+'=1-./N!*=!D+#!&=)+#+'=1-./N!(%,!
*1!D+#!&1(%+5(&-.#$(;!8.(%!&.))!(5G%,(%&.!'.#!)$-.#!(-!/(:')$%I!,.'-=/!$/!W!/-(%,(#,!
.##+#;!
!
9(:').!
!
f$E$/$+%! e.%G/! 05G%,(%&.!
2&.))/UV4!
!
8(-(%+!?:! a! A.!-#'!.#!)) B??!
! *=! F:'!$E?&$&%!<)) BB??!
! *=! F:'&.&+&++1<)) FA???!
! *=! F&<$!.#1$)) B??!
! *=! H&%&.!6:#?#1$)) F???!
! *=! P&'#,''!)) B??!
! *1! H,.#<$&6,?#!)) FX???!
! *1! /%!D!,%!) FHB??!
! *1! 8'&,&+!6<!)! XB??!
! ! /:;02! <*!555!
! ! ) !
8(-(%+!B?!:! a! A.!-#'!.#!)) F???!
! *=! F:'!$E?&$&%!<)) QB??!
! *=! F:'&.&+&++1<)) FHB??!
! *=! F&<$!.#1$)) B??!
! *=! 32!1.!<2.1$)) B??!
! *=! 9,2.!,?.&%)) Z???!
! *=! H&%&.!6:#?#1$)) B??!
! *=! P&'#,''!)) B??!
! *1! H,.#<$&6,?#!)) Q>???!
! *1! 3E%,+:&+&++1<)) >B??!
! ! /:;02! <8!355!
! ! ! !
8(-(%+!F??!:! *=! F:'!$E?&$&%!<)) FB??!
! *=! F:'&.&+&++1<) FBB??!
! *=! 9,2.!,?.&%) FB??!
! *=! H&%&.!6:#?#1$) FB??!
! *1! /%!D!,%!) F????!
! *1! 8'&,&+!6<!! >????!
! ! /:;02! 35!555!
! ! ! !
! ! ='0>! 3?!4((!@!8?(<!
! ! ! !
! ! ! !
!
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/012'!99!05G%,(%&.!+D!'=1-+')(%L-+%!I.%.#(!(/!%G:5.#!+D!&.))/!'.#!V!D+#!V(L.!
8(=()+%(;!f$E$/$+%/!(#.!#.'#./.%-.,!(/!a!D+#!5(&$))(#$+'=1-./N!*=!D+#!&=)+#+'=1-./N!
(%,!*1!D+#!&1(%+5(&-.#$(;!8.(%!&.))!(5G%,(%&.!'.#!)$-.#!(-!/(:')$%I!,.'-=/!$/!W!
/-(%,(#,!.##+#;!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
9(:').!
!
f$E$/$+%! e.%G/! 05G%,(%&.!
2&.))/UV4!
!
8(=()+%(!?:! *=! F:'!$E?&$&%!<) B???!
! *=! F:'&.&+&++1<) QZ???!
! *=! F&<$!.#1$) B??!
! *=! H&%&.!6:#?#1$) Q>???!
! *=! P&'#,''!) B??!
! *1! /%!D!,%!) B??!
! *1! 8'&,&+!6<!! QH???!
! ! /:;02! .5?!355!
! ! ! !
8(=()+%(!Q?!:! *=! F:'!$E?&$&%!<) >???!
! *=! F:'&.&+&++1<) QB??!
! *1! 8'&,&+!6<!) >>B??!
! ! /:;02! 84!555!
! ! ! !
8(=()+%(X?!:! *=! F:'!$E?&$&%!<) FB??!
! *=! F:'&.&+&++1<) @B??!
! *=! F&<$!.#1$) B??!
! *=! H&%&.!6:#?#1$) F???!
! *=! 9,2.!,?.&%) >B??!
! *1! 8'&,&+!6<!! >B???!
! ! /:;02! (?!555!
! ! ! !
! ! ='0>!! 34!4((!@!.6!*6.!
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/012'!999!05G%,(%&.!+D!'=1-+')(%L-+%!I.%.#(!(/!%G:5.#!+D!&.))/!'.#!V!D+#!V(L.!
M+<G-$;!f$E$/$+%/!(#.!#.'#./.%-.,!(/!a!D+#!5(&$))(#$+'=1-./N!*=!D+#!&=)+#+'=1-./N!(%,!
*1!D+#!&1(%+5(&-.#$(;!8.(%!&.))!(5G%,(%&.!'.#!)$-.#!(-!/(:')$%I!,.'-=/!$/!W!/-(%,(#,!
.##+#;!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
9(:').!
!
f$E$/$+%! e.%G/! 05G%,(%&.!
2&.))/UV4!
!
M+<G-$!?:! *=! F:'!$E?&$&%!<) >???!
! *=! F:'&.&+&++1<) BB??!
! *=! F&<$!.#1$) B??!
! *=! 9,2.!,?.&%) B??!
! ! /:;02! 4355!
! ! ! !
M+<G-$!B?!:! *=! F:'!$E?&$&%!<) >???!
! *=! F:'&.&+&++1<) Z???!
! *1! 8'&,&+!6<!) >????!
! ! /:;02! 8<!555!
! ! ! !
M+<G-$!!F??!:! *=! F:'!$E?&$&%!<) FB??!
! *=! F:'&.&+&++1<) >B??!
! *1! 8'&,&+!6<!) XB??!
! ! /:;02! .5!355!
! ! ! !
! ! ='0>! .3!555!@!(.?(!
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!
/012'!9A!05G%,(%&.!+D!'=1-+')(%L-+%!I.%.#(!(/!%G:5.#!+D!&.))/!'.#!V!D+#!V(L.!
"+/+;!f$E$/$+%/!(#.!#.'#./.%-.,!(/!*=!D+#!&=)+#+'=1-./N!(%,!*1!D+#!&1(%+5(&-.#$(;!!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
9(:').!
!
f$E$/$+%! e.%G/! 05G%,(%&.!
2&.))/UV4!
!
"+/+!?:! *=! F:'!$E?&$&%!<) >FB??!
! *=! F:'&.&+&++1<) QQ???!
! *=! 32!1.!<2.1$) B??!
! *=! 9,2.!,?.&%) FB??!
! *1! /%!D!,%!) F>B??!
! *1! 8'&,&+!6<!) FF???!
! ! /:;02! 45!555!
! !   
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!
6789(9:!8;47<(
!
K(:.b!0:1!m$))!9%++L!
!
")(&.!+D!a$#-=b!*+#%.#!a#++LN!K.<D+G%,)(%,N!*(%(,(!
!
f(-.!+D!a$#-=b!0GIG/-!>N!FA@Z!
!
R%,.#I#(,G(-.!f.I#..b!O+%+G#/!k%E$#+%:.%-()!9&$.%&.!2*=.:$/-#14N!9$#!P$)D#.,!
e#.%D.))!*+)).I.U8.:+#$()!R%$E.#/$-1!+D!K.<D+G%,)(%,!
!
